Background: Post-discharge mortality among children with severe illness in resource-limited settings is under-recognized and there are limited data. We evaluated post-discharge mortality in a recently reported cohort of children with severe malnutrition and pneumonia, and identified characteristics associated with an increased risk of death.
Introduction
Malnutrition is recognized as a major underlying risk factor for death in children with common infections causing global child mortality such as pneumonia, diarrhea and sepsis [1, 2] . Furthermore, these infectious diseases further increase the high risk of mortality that is reported in children with severe malnutrition managed as inpatients in resource-poor settings of Africa and Asia [3] [4] [5] [6] [7] . Malnutrition is also a consistent risk factor for postdischarge death in common childhood illnesses in high-mortality settings, including studies from Bangladesh of children hospitalized with diarrhea [8] [9] [10] . However, there are limited data available from studies that have followed severely malnourished children following discharge from inpatient facilities. Currently, these data are all from settings in sub-Saharan Africa [5, 11, 12] and previous studies have not reported post-discharge death in children with severe malnutrition and pneumonia.
Bangladesh has high rates of childhood malnutrition. A UNICEF report published in 2013 reported that 36% of Bangladeshi children had moderate or severe wasting and that 41% had moderate or severe stunting in the period 2007 to 2011 [13] . We recently undertook a study to determine bacterial and mycobacterial aetiology of pneumonia in children with severe malnutrition admitted to the Dhaka Hospital of the International Centre for Diarrhoeal Disease Research, Bangladesh (icddr'b) in Dhaka, Bangladesh [14] . The aim of this analysis was to report inpatient and early post-discharge mortality in this same cohort of children with severe malnutrition and radiological pneumonia, and to identify characteristics associated with an increased risk of death following discharge.
Materials and Methods

Ethics statement
The study (protocol number: PR-10067) was approved by the Research Review Committee (RRC) and the Ethical Review Committee (ERC) of icddr,b. Written informed consent was obtained from parents or attending guardians of all the participating children.
Study setting and design
This was a prospective study cohort study that included young children (0-59 months of age) with severe malnutrition, respiratory symptoms and radiological pneumonia as previously described in detail [14] . In brief, eligible children admitted to the Dhaka Hospital of icddr,b between April 2011 and June 2012 were enrolled following informed consent. Demographic, contact details (phone and address) and clinical data were collected prospectively on standardized data collection proforma. Radiographs were interpreted independently by a radiologist and a study pediatrician (MJC). Radiological pneumonia was defined as the presence of end-point consolidation or other (non-end-point) infiltrate in lungs according to the WHO radiological classification of pneumonia [15] . Severe malnutrition was defined in children as severe wasting [z score for weight for height ,23 of the median of the WHO anthropometry] or severe underweight [z score for weight for age ,24 of the median of the WHO anthropometry], or the presence of nutritional edema. Clinical management was according to standardized guidelines with regards to antibiotics, detection and management of hypoxemia and hypoglycemia, fluid management and nutritional support [14, 16] .
Once children were considered to have shown clinical improvement for pneumonia and stabilized, they were transferred to the nutritional rehabilitation unit (NRU) for ongoing care before hospital discharge and were managed according to standard guidelines [6] . During the NRU stay, mothers are taught to prepare high energy food from locally available and culturally acceptable foodstuffs, and advised to provide such food once discharged. The decision to discharge is normally based on the criteria used by the NRU staff, i.e. weight gain of .15% of admission weight (after resolution of edema in those with nutritional edema). However, many children are discharged before these criteria are reached and are discharged ''on risk bond''. The main reason is request for early discharge by the mother because of pressure from the child's father or grandparents for the mother (and child) to return home once the child is thought to be no longer acutely ill. No additional nutritional supplements such as Ready-to-Use Therapeutic Food (RUTF) are provided on discharge.
The primary outcome for analysis was survival status at 3 months post-discharge. Secondary outcomes included the type and duration of new symptoms associated with those that died as reported by verbal autopsy and the proportion of those discharged that were lost-to-follow-up.
Follow-up procedure
All of the enrolled children that survived hospitalization were requested to attend follow-up for 3 months post-discharge as per routine follow-up by NRU. This included children that were discharged either as left against medical advice or those discharged ''on risk bond'' from the NRU. Follow-up was planned weekly for the first 2 weeks following discharge and monthly thereafter until the following criteria are met: weight for length $21 z score and/ or weight for age $22 z score. Routine follow-up included measurement of nutritional parameters and vital signs, as well as assessment for and management of any intercurrent illness. Neither additional nutritional supplements such as RUTF nor support for transport costs were provided at follow-up visits.
There were 86 children discharged that had been diagnosed with tuberculosis, of which 27 were microbiologically confirmed [14] . It was planned that all children discharged receiving antituberculosis treatment were followed until completion of the course i.e. for 6 months.
For this study, all care-givers were provided instructions verbally in local language regarding follow-up. They were requested to return to the hospital at 12 weeks following discharge but advised that if their children developed any symptoms or signs of illness at any time prior to this, then they should either return to the hospital or consult with a study physician by mobile phone at any time. The phone numbers of the study physicians were provided during discharge and all caregivers had access to mobile phones. No funding was provided for potential phone call costs. If any of the caregivers did not attend the 12-week post-discharge follow-up, the study staff attempted to contact them via mobile phone. If any of the care-givers could not be contacted by mobile phone or still did not attend the follow-up after contact by mobile phone, then research assistants visited their home to ensure follow-up. Study participants were defined as ''lost to follow-up'' if research assistants visited the given address on at least two separate occasions and failed to identify them.
Verbal autopsy was requested when possible for those children that were identified as having died during the follow-up period. Verbal autopsy procedure followed the WHO standard questionnaire [17] . Information obtained included the presence and duration of symptoms prior to death as well as treatment sought. Interviews were undertaken by the study physicians at icddr'b for the majority that were willing to attend, otherwise the interview was performed by mobile phone (n = 4).
Data analysis
All data were entered into SPSS for Windows (version 15.0; SPSS Inc, Chicago) and Epi-Info (version 6.0, USD, Stone Mountain, GA). Follow-up was planned prospectively and ethically approved. However, the primary objective of this study that determined sample size was to determine prevalence of sepsis and tuberculosis, as previously reported [14] . We used this sample of patients to determine characteristics associated with postdischarge death. Differences in proportions were compared by the Chi-square test. Differences of means were compared by Student's t-test for normally distributed data and Mann-Whitney test was used for comparison of data that were not normally distributed. Strength of association was determined by calculating odds ratio (OR) and their 95% confidence intervals (CIs). Two pragmatic categorical variables (age and severity of malnutrition on admission) were identified based on previous literature [8] and univariate analysis of the dataset for bivariate analysis using logistic regression.
Results
A total of 405 children with severe malnutrition and radiological pneumonia were enrolled at admission and have been described previously [14] . Of these, 35 (8.6%) died as inpatients and 1 patient absconded without follow-up arranged. Figure 1 illustrates a flowchart from admission to follow-up showing that 369 children were discharged with a follow-up plan, including 29 that left against medical advice prior to planned discharge. The median (IQR) age in months of these 369 children was 10 (5, 18) months. The median (IQR) duration of inpatient care before transfer to the NRU for the 340 survivors that were discharged was 6 (4, 10) days, and was of similar duration for the 29 that left against medical advice -8 (4, 9) days. Of those transferred to the NRU, the majority were discharged early ''on risk bond''. Only 43 (13%) remained at the NRU until they reached the standard discharge criteria and median (IQR) duration of hospital stay for these was 18 (12, 22) days which compared to only 5 (4, 8) days for the remaining 297 that were discharged early.
At 3 months post-discharge, 32 (8.7%) children were known to have died in the community. None of those that died attended any follow-up visit. A further 54 (15%) of the 369 children discharged were lost-to follow-up with no knowledge of outcomes at 3 months post-discharge - Figure 1 . Table 1 lists and compares patient characteristics on admission that were associated with known death following discharge and compared to those known to have survived. The features of the 54 children that were lost-to-followup but with unknown outcomes are also listed.
Compared to survivors, those that died post-discharge were younger [median (IQR): 6.5 (3, 12) months], more severely malnourished on admission and more commonly had a previous admission for pneumonia (Table 1) . On bivariate analysis, severe wasting on admission (OR 3.64 [95% CI 1.66-7.97], p = 0.001) and age ,12 months (OR 2.54 [95% CI 1.1-8.8], p = 0.03) were significantly associated with post-discharge death. Those that died post-discharge were also significantly more malnourished at discharge than those that survived. There was no significant difference in changes to nutritional parameters (by z score) from admission to discharge between those that died and survivors. Post-discharge death was more common in those that were discharged early ''on risk bond'' from the NRU than those that were discharged once NRU criteria were met with only 1 death in the latter group (P = 0.25).
The median time gap between discharge and death was 22 (9, 35) days. Most deaths occurred within 1 month following discharge and 34% before the first scheduled follow-up visit ( Table 2 ). Characteristics of these early post-discharge deaths such as age and nutritional status were similar to those that died later than two weeks post-discharge (data not shown). There were 86 children discharged receiving anti-tuberculosis treatment [14] . Four of these died within the 3 month follow-up period of which 3 had microbiologically confirmed tuberculosis and the other had clinically diagnosed tuberculosis that was not confirmed microbiologically. Death was recorded more significantly commonly in those that left against medical advice (8 or 28% died of 29) compared to those that were discharged according to usual protocol (24 or 7% of 340) -odds ratio 23.6 (95% CI 9.4-59); P, 0.0001.
Clinical findings from those that had verbal autopsy responses available are shown in Table 2 . These findings suggest that deaths usually followed acute lower respiratory tract infections or acute gastroenteritis. Of the 32 deaths, 14 were receiving treatment from a traditional healer compared to only 1 of the 283 survivors at 12 weeks' post-discharge: unadjusted odds ratio 56.2 (95% CI 15.1-229); P,0.001. Although all the care givers had the access to mobile phone (their own or their relatives), none (0%) of the care givers among the deaths had consulted with study physicians using their mobile phone whereas 115 (41%) of 283 survivors consulted the study physicians by phone (p,0.001).
Discussion
This study provides original data reporting a high mortality within 3 months of discharge of Bangladeshi children following hospitalization with severe malnutrition and pneumonia. The reported post-discharge mortality of 8.7% is similar to the inpatient mortality for this group, and most of the post-discharge deaths occurred within 1 month following discharge. Previous studies from urban and rural Bangladesh have reported similar or higher post-discharge mortality in children hospitalized with diarrhea, with severe malnutrition recognized as a risk factor for death [9, 10] . Pneumonia is known to be a common co-morbidity in children with severe malnutrition that is associated with inpatient death [4] . We provide original data of post-discharge outcomes in this group. Table 1 . Characteristics of severely malnourished children (,5 years) with pneumonia who died within 3 months following discharge compared to those known to have survived evaluating known risk factors for outcome such as age, severity of malnutrition and severity of pneumonia. Nutritional edema 3 (9) 12 (4) 1 (2) 2.34 (0.5-9.6)
Lower chest wall in-drawing 12 (38) 116 (41) 15 (28) 0.86 (0.4-1.9) Hypoxemia (arterial oxygen saturation ,90% in room air)
3 (9) 22 (8) 2 (4) 1.23 (0.3-4.7)
Confirmed TB 3 (9) 16 (6) 8 (15) While studies directly reporting post-discharge mortality of children with severe malnutrition are surprisingly limited [10] [11] [12] , there are data from recent intervention studies in populations of children with severe malnutrition that do follow such children once discharged to the community for home-based management. A recent study that included 393 HIV-uninfected Malawian children with severe malnutrition and with a very low rate of defaulting reported 44 (11%) deaths within 3 months [5] . In another study in Malawi evaluating home-based RUTF, the proportion of those with WHO-defined severe malnutrition that died among the non-intervention group was 6.2% [18] . However, that study population was somewhat different to the one reported here in that it only included children older than 10 months and excluded those who had evidence of systemic infection or severe edema at enrolment.
Admission characteristics that were associated with postdischarge mortality included young age and severity of malnutrition, consistent with previous observations of post-discharge mortality in children [8, 9, 19] . Previous hospitalization for pneumonia and having congenital heart disease were also significantly associated with mortality but the numbers for each of these groups were small. Severity of malnutrition on discharge was associated with poor outcome as was leaving against medical advice. The symptoms present prior to death reported at verbal autopsy suggested recent respiratory or gastrointestinal infection are these symptoms are similar to those reported in previous studies [5, 10, 18] .
None of these findings are surprising as young and severely malnourished children are well recognized as being particularly vulnerable to new infections causing severe disease and associated with poor outcomes [8] . Many of these children at discharge were still malnourished and so likely to have persistent and profound immunodeficiency [20] . In addition, they would have frequent exposure to infection, community-acquired upon return to homebased care as well as being at risk from nosocomial infections acquired during the inpatient stay in a crowded hospital.
The study also highlighted potential problems relating to access to care when this particularly vulnerable population developed new symptoms following discharge. Most died at home within one month of discharge with no contact with the hospital staff despite Table 2 . Characteristics of post-discharge deaths: timing of death and verbal autopsy findings.
Time of death after discharge n = 32
Timing of death post-discharge N (%) Cumulative the recent offer of support and advice via mobile phones. It appeared that many sought treatment elsewhere including often with traditional healers. Care seeking with traditional healers has previously been reported as associated with an increased risk of death in children at-risk for severe and rapid-onset disease such as in this population [21, 22] . Our study has a number of important limitations. Primary outcome of survival status at 3 months was not known for 15% of those discharged. The HIV status of the study participants was not known despite this being an important risk factor for a poor outcome in African studies [5] . However, it is unlikely to be an important confounder in this population given that Bangladesh has a very low HIV prevalence among the adult population reported as ,0.1% in 2011 [13] . The reported pattern of illness prior to death relied on verbal autopsy which has recognized limitations [23] . Analysis of post-discharge mortality and determinants of risk were not the primary outcomes of this study that determined sample size [14] . Finally, the study does not represent post-discharge mortality among malnourished children that have received complete ''nutritional rehabilitation'' because most of the study participants were discharged before they met the NRU's criteria for discharge.
Despite the limitations, this study highlights the potential of a number of interventions that could improve post-discharge mortality in this population. As noted above, most of these children were discharged for home-based care before they met the nutritional criteria set by the NRU. It was reported that the main reason for this was pressure from the family who requested discharge once the child had apparently recovered from pneumonia. However, many of these children were still severely malnourished at discharge and it was observed that this was significantly associated with a poor outcome. Clearly, these children would still be profoundly immunosuppressed and vulnerable to severe infection at the time of discharge. A recent small study from the same institution reported a lower postdischarge death rate (2.8%) at 6-month follow-up among 180 Bangladeshi children with severe malnutrition that had completed full protocol of nutritional rehabilitation [24] . However, the challenge may not be simply to seek to prolong the stay in the NRU until criteria are met as this does have some negative risks as well such as nosocomial infection, overcrowding of the NRU and poor compliance by families. Rather, it may be possible to better select those that would benefit from ongoing care in the NRU, and to improve home-based care to those that are discharged for home-based care.
Two potential options for home-based care that have received recent attention are to provide additional nutritional support as a form of RUTF and/or to provide preventive therapy to reduce the risk of severe infections such as cotrimoxazole preventive therapy (CPT). An intervention study that compared home-based RUTF to standard care in Malawian children with severe malnutrition reported significantly fewer deaths and less relapse among those receiving home-based RUTF at 2 month follow-up [18] . Reported illness of fever, cough and diarrhea were also all significantly less frequent in those that received RUTF. The benefit included those that were still severely malnourished by WHO criteria. CPT is widely recommended for HIV-infected children (and oncology patients) because it improves survival and reduces the incidence of serious infections such as invasive bacterial disease and Pneumocystis pneumonia [25, 26] . Future studies, such as recently undertaken in Kenya [27] need to clarify if CPT provides postdischarge benefit for HIV-uninfected children with severe malnutrition. Attempts to influence the gut biome using probiotics have not been beneficial in one recently published study [5] . More intensive follow-up with ready access to health care advice such as by using mobile phones has shown benefit in previous studies [28] . It is likely that different settings may require different solutions given the many potential determinants of mortality in this population. It is also difficult to determine the generalizability of the findings of this study.
In conclusion, post-discharge mortality is common among severely malnourished children with pneumonia and most of these deaths occur within one month of discharge. Risk factors for death include young age and severity of malnutrition and verbal autopsy suggests that death is preceded by recent respiratory or gastrointestinal infection, consistent with limited data from previous studies. There are a number of interventions that could potentially reduce post-discharge mortality in this population but a better understanding of the determinants of poor outcome and evidence from clinical studies are required.
